Aim
To assess the long-term cardioprotective effect of bisoprolol in a randomized high-risk population after successful major vascular surgery. High-risk patients were defined by the presence of one or more cardiac risk factor(s) and a dobutamine echocardiography test positive for ischaemia.
Methods 1351 patients were screened prior to surgery, 846 patients had one or more risk factor(s), and 173 of these patients also had ischaemia during dobutamine echocardiography. One hundred and twelve patients could be randomized for additional bisoprolol therapy or standard care. Eleven patients died in the peri-operative period (up to 1 month after surgery). Randomized patients continued bisoprolol or standard care after surgery. During follow-up of 101 survivors (median 22 months, range 11-30) cardiac death or myocardial infarction was noted. No patient was lost during follow-up.
Results
The incidence of cardiac events during follow-up in the bisoprolol group was 12% vs 32% in the standard care group (P=0·025). Cardiac death occurred in 15 patients, nine patients in the standard care and in six in the bisoprolol group; myocardial infarction occurred in six patients, five in the standard care and one in the bisoprolol group. The odds ratio for cardiac death or myocardial infarction after surgery in high-risk patients with additional bisoprolol therapy was 0·30 (0·11-0·83).
Conclusions Bisoprolol significantly reduced long-term cardiac death and myocardial infarction in high-risk patients after successful major cardiac vascular surgery. 
Introduction
Cardiac events are the leading cause of late morbidity and mortality after successful major vascular surgery. For example, after peripheral bypass surgery the 3-year mortality is approximately 30-40%, and is mostly of cardiac origin [1] . The frequency of late postoperative cardiac morbidity reflects the high incidence of underlying coronary artery disease in this population [2] . Physicians who assess patients before surgery should focus not only on reducing peri-operative morbidity and mortality, but also on ensuring long-term survival. However, the optimal approach to the diagnosis and treatment of underlying coronary artery disease, often stable or asymptomatic in these patients, is unclear.
Dobutamine echocardiography is useful for the assessment of both peri-operative and late cardiac risk in candidates for vascular surgery. With respect to late cardiac events, the most important prognostic features of dobutamine echocardiography are left ventricular function at rest and the extent of stress-induced ischaemia [3] . Pre-operative identification of high-risk patients by dobutamine echocardiography might permit intervention to reduce the incidence of late cardiac events in patients who have successfully undergone vascular surgery. Potential strategies for the reduction of late cardiac risk include myocardial revascularization, peri-operative beta-adrenergic blockade, and long-term administration of beta-blockers. So far, only perioperative beta-blockade has been prospectively demonstrated to reduce the risk of late cardiac events [4] . However, the result of this study was the subject of considerable debate, as beta-blockers were stopped after discharge from hospital, but continued to be cardioprotective for a 2-year period.
We have previously shown that beta-blockade with bisoprolol reduces the incidence of peri-operative cardiac morbidity and mortality in high-risk patients undergoing major vascular surgery [5] . The principal purpose of this study was to assess the effect of longterm bisoprolol administration on the incidence of late cardiac events, in the same high-risk subjects.
Methods

Study protocol
Between 1996 and 1999 we prospectively screened all patients undergoing elective abdominal aortic or infrainguinal arterial reconstruction at seven participating centres. The Ethics Committee at each centre approved the study protocol, and all patients gave written informed consent. A total of 1351 consecutive patients were screened for the following cardiac risk factors: age over 70 years, angina, previous myocardial infarction, compensated or prior congestive heart failure, current treatment for diabetes mellitus, current treatment for cardiac arrhythmias, or limited exercise capacity (i.e. the inability to perform most normal activities). Any patient with one or more risk factors underwent dobutamine echocardiography. High-risk patients were defined by the presence of new or worsening wall motion abnormalities during dobutamine echocardiography. One hundred and twelve high-risk patients who were not currently taking beta-blockers were randomized to receive either oral bisoprolol 5-10 mg daily (n=59) or standard care (n=53). Eleven patients died in the perioperative period, within 30 days of surgery. The 101 survivors (bisoprolol, n=57, and standard care, n=44) form the subject of this report.
Clinical care
The 101 survivors continued bisoprolol therapy or standard care and were followed at the Outpatient Clinic of the participating centres. The initial follow-up was performed 1 month after discharge from hospital. Subsequent visits and ECG recordings were scheduled at 3-monthly intervals. The study physicians adjusted the dose of bisoprolol using prescribed guidelines. If heart rate at rest was more than 60 beats . min 1 , the bisoprolol dose was increased to as much as 15 mg daily. If the resting heart rate was less than 50 beats . min 1 , the bisoprolol dose was reduced to as little as 2·5 mg daily.
Dobutamine echocardiography
The dobutamine echocardiography was performed as previously described [3] . A 16-segment, five-point model was used. Ischaemic myocardium was considered to be present in segments exhibiting worsening wall motion during stress, with the exception of akinesia becoming dyskinesia, which was considered to be a mechanical phenomenon. For each patient, the number of abnormal segments at rest was scored. A wall motion score index (total score divided by the number of assessable segments) was calculated at rest and during peak stress based on the standard 16-segment model. Extensive stress-induced ischaemia was defined as the presence of new wall motion abnormalities in at least four segments.
Follow-up
Patients were followed for 11 to 30 months after surgery, with a median duration of 22 months. Physicians who were blinded to the results of dobutamine echocardiography noted the occurrence of late cardiac events. In addition, each patient's general physician was contacted, and hospital records were reviewed. The date of the last interview or review was used to calculate the follow-up time. Study end-points included cardiac death and myocardial infarction. Cardiac death was defined by clinical evidence of acute myocardial infarction, lethal cardiac arrhythmia, or refractory congestive heart failure, together with electrocardiograms and, when available, autopsy results. Non-fatal myocardial infarction was diagnosed by cardiac isoenzyme determinations and the development of new ECG changes.
Statistical analysis
Cardiac events are presented as a percentage. Differences in long-term event rates between patients randomized to bisoprolol or standard therapy were evaluated by Fisher's exact test. Additionally, the method of Kaplan and Meier was applied to evaluate the occurrence of late cardiac events. The protective effect of bisoprolol was expressed by an odds ratio (OR) with corresponding 95% confidence interval (CI). A P-value of 0·05 was considered significant for all tests.
Results
Demographics
There were no major differences between the two groups with respect to either their clinical characteristics (Table  1) or the results of dobutamine echocardiography (Table  2) . Importantly, there were no differences in resting left ventricular function, or the extent of stress-induced ischaemia.
Beta-blockade
In 11 patients the dose of bisoprolol was increased from 5 to 10 mg daily during follow-up. There was no reduction of bisoprolol dose in patients receiving c10 mg daily. The maintenance bisoprolol dose was 5 mg in 32 patients and 10 mg in 25 patients.
Follow-up results
Follow-up was complete in all patients. Cardiac events occurred in 21 patients, and consisted of cardiac death in 15 and non-fatal myocardial infarction in six. Cardiac death occurred in six (11%) patients from the bisoprolol group and in nine (20%) patients given standard care (P=0·259). Four of these latter patients (44%) had experienced a peri-operative non-fatal myocardial infarction. Non-fatal myocardial infarction occurred in one (2%) patient from the bisoprolol group, and in five (11%) patients given standard care (P=0·083). The composite end-point of either cardiac death or non-fatal myocardial infarction occurred in seven (12%) patients 
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Eur Heart J, Vol. 22, issue 15, August 2001 in the bisoprolol group, and 14 (32%) patients given standard care (P=0·025) (Fig. 1) . The odds ratio for cardiac death or myocardial infarction after surgery in high-risk patients with additional bisoprolol therapy was 0·3 (0·11-0·83), (Table 3) .
Dobutamine echocardiography
Extensive myocardial ischaemia was present in 44 patients, while 57 patients experienced less extensive ischaemia. The protective effect of beta-blockers on cardiac events during follow-up was similar in both groups. The observed event rates were 11% in betablockers vs 31% in standard care, and 13% vs 33% in patients with and without extensive ischaemia, respectively.
Limb ischaemia
During follow-up, seven patients were readmitted for surgery because of recurrent limb ischaemia. There was no significant difference between the two groups, two patients were on bisoprolol therapy and five received standard care, P=0·47.
Other medication
During follow-up, there was no significant difference between the two groups in the use of any cardiovascular therapy (Table 4) .
Discussion
This is the first randomized study showing a reduction in the incidence of late cardiac events among high-risk survivors of major vascular surgery who underwent peri-operative and prolonged postoperative betaadrenergic blockade with bisoprolol. During the 2-year follow-up, 21 cardiac events occurred, seven (12%) in the bisoprolol group and 14 (32%) in the standard care group. The cardioprotective effect of bisoprolol was similar in patients with limited ischaemia, 1-3 ischaemic Long-term follow-up# Cardiac death 6 (10·5%)
0·001 §Non-fatal MI -the patient experienced a myocardial infarction, and survived the specified period. #Event rates during long-term follow-up are presented as a percentage of the patients still alive at 30 days post surgery. segments during dobutamine echocardiography, compared to those with extensive stress-induced ischaemia. This reduction in cardiac events could not be explained by differences in demographics or change of medical therapy.
Patients undergoing major vascular surgery who demonstrate myocardial ischaemia during ambulatory ST-segment monitoring [6] , or myocardial perfusion imaging [7] are at increased risk of adverse late cardiac events, compared to those without myocardial ischaemia. Patients who survived a peri-operative cardiac event such as myocardial infarction or unstable angina are also at risk of late cardiac events. Patients with a peri-operative myocardial infarction experienced a 3·7-fold increase of cardiac death during follow-up, P=0·02. Beta-blockers are well established in the treatment of ischaemic heart disease and heart failure and have been shown to improve outcome in non-surgical patients [8] . We also showed that peri-operative beta-blockade with bisoprolol markedly reduces the risk of peri-operative myocardial infarction and cardiac death in high-risk vascular surgery candidates. Thus, it is not unexpected that prolonged postoperative beta-blockade with bisoprolol was also associated with a reduction in the risk of late cardiac death and myocardial infarction. The mechanism by which beta-blockers exert their protective effect are multifactorial. Proposed beneficial properties of beta-blockers include antiischaemic, antiarrhythmic and antirenin-angiotensin effects. In addition, there is an augmentation of atrial and brain natriuretic peptide [8] . There was no increase in the incidence of limb ischaemia in patients given bisoprolol. This is further evidence that beta-blockade is not contraindicated in the presence of ischaemic peripheral vascular disease.
Mangano et al. performed the only previous randomized study evaluating the long-term cardioprotective effect of beta-blockade in patients undergoing noncardiac surgery [4] . They studied 200 patients with clinical predictors of cardiac risk who underwent various noncardiac surgical procedures. Patients were randomized to treatment with atenolol or placebo during hospitalization. Treatment was stopped after discharge. During a 2-year follow-up, patients previously treated with atenolol had a significantly lower overall death rate than those given placebo. Freedom from any cardiac event was also greater in patients given atenolol (82% vs 68%). No clear explanation for the sustained cardioprotective effect of atenolol was apparent. Our study differed substantially from that of Mangano et al. [4] . Our patients had a much greater risk of peri-operative cardiac events, and patients in the treatment group continued to receive bisoprolol throughout the follow-up period. Thus, the cardioprotective effect of bisoprolol in our study might have been related to its peri-operative administration, its long-term administration, or both.
The optimal antiischaemic strategy for high-risk patients after successful vascular surgery is controversial. Although our study suggests a role for long-term beta-blockade, others recommend myocardial revascularization. However, there are no randomized trials evaluating the role of either coronary angioplasty or coronary artery surgery for reduction of either perioperative or late cardiac risk in patients undergoing non-cardiac surgery. Thus, we reserve coronary angiography and myocardial revascularization for patients with conventional indications for these procedures, such as those with unstable coronary syndromes, stable Class III or IV angina, or non-invasive test results that strongly suggest the presence of three-vessel, or left-main coronary artery disease. Administration of the cardioselective beta-blocker, bisoprolol, to remaining high-risk patients will substantially reduce the risk of both perioperative and late cardiac events in these patients.
Study limitations
Patients were randomized based on their predicted risk of peri-operative complications, not on the risk of late complications. Importantly, patients and physicians were not blinded to the treatment, as the protocol dictated that bisoprolol therapy should be adjusted to the resting heart rate at the time of outpatient visits. This may have led to a reporting bias in the incidence of postoperative myocardial infarction. In addition, the standard treatment group included nine survivors of peri-operative myocardial infarction. These patients may have been at increased risk of late cardiac events during follow-up. Alternatively, the higher perioperative death rate in the standard treatment group may have eliminated the highest risk patients and reduced the late risk in that group. Thus, we cannot be certain that the pre-trial late risk was comparable in the two study groups. Thus, although the observed cardioprotective effect of bisoprolol is evident this requires confirmation by other studies.
